An efficient and economic protocol for rapid in vitro propagation using nodal explants obtained from 2 year old, field grown medicinal plants of Plumbago zeylanica L. belonging to the family Plumbaginaceae was successfully achieved from the nodal segments. Shoot development was maximum (95%) on Murashige and Skoog's (MS) basal medium supplemented with 6-Benzyl amino purine (BAP) (2.0 mg/l), indole-3-acetic acid (IAA) (1.5 mg/l) and indole-3-butyric acid (IBA) (1.0 mg/l) with (19.56±0.04) mean number of shoots per explants and the maximum shoot length was found to be (4.98±0.87). Rooting of the differentiated shoots was achieved in MS medium with triple auxins combination of α-naphthalene acetic acid (NAA) (1.5 mg/l), IAA (1.5 mg/l) and IBA (2.0 mg/l) with (18.54±0.09) mean number of roots per shoots and the mean root length was found to be (7.63±0.83). Regenerated plantlets were successfully acclimated in the green house and after a hardening period of 4 weeks 100% transplantation success was achieved under the natural condition. The plantlets derived through in vitro propagation mimic the morphological characteristics of the donor plants taken for the present investigation.
INTRODUCTION
Medicinal plants are being extensively used globally for the preparation of herbal medicine. There is not only an obligatory demand for a huge raw material of medicinal plants but also of a right stage where the active principles are available in optimum quantities at the requisite time for standardization of herbal preparations. Drug industries depend on these plants for the production of pharmaceutical compounds (Chand et al., 1997) . The root of the plant Plumbago zeylanica and its constituents *Corresponding author. E-mail: satya_9bt@yahoo.com. Tel: +919438733453.
Abbreviations: BAP, 6-Benzyl amino purine, IAA, indole-3-acetic acid; IBA, indole-3-butyric acid; NAA, α-naphthalene acetic acid; MS, Murashige and Skoog's (1962) medium.
are credited with potential therapeutic values including anti-atherogenic, cardiotonic, hepatoprotective and neuro potective properties. The plant is grown as a perennial herb in most parts of India. The roots of P. zeylanica, have been used extensively in China and other Asian countries for the treatment of cancer, rheumatic arthritis, dysmenorrhoea and contusion of extremities (Atta-urRahmn, 1988 ). This plant is used in the traditional system of Indian medicine against a number of diseases including skin diseases, diarrhea and leprosy. Extracts of the root, when given internally or applied to the ostium uteri, causes abortion (Bharghava, 1984) .
The root is pungent, diuretic, germicidal, astringent, vesicant. The roots contains an alkaloid plumbagin (Modi, 1961) a natural naphthaquinone, processing various pharmacological activities, such as antimalarial, antimicrobial (Didry et al., 1994) , anticancer, cardiotonic, antifertility action, antibiotic and antineoplastic (Kirtikar and Basu, 1935; Krishnaswamy and Purushothaman, 1980; Pillai et al., 1981) . The root, root, bark and seeds are Used medicinally as a stimulant, caustic, digestive, antiseptic and anti-parasitic. The root paste is applied for filariasis ruptures and healing of abscess (Chetty et al., 2006) . Though P. zeylanica is generally propagated by seeds, this method also contains some difficulties, such as small size of the seeds that usually show a low level of germination of about 30% under normal conditions and lose their viability on storage. Propagation is also unreliable due to poor germination and death of young seedlings under natural condition (Anonymous, 1989) . In vitro conservation can be possible through micropropagation, which allows making numerous clones of the plant by the application of tissue culture techniques (kanungo and Sahoo, 2011) . Furthermore, in vitro techniques offer the possibility of rapid clonal propagation of important plants, allowing production of genetically stable and true-to-type progeny (Hu and Wang, 1983) . In Odisha, tissue culture work on P. zeylanica was previously reported by Rout et al. (1999a and b) from the callus cultures, but in vitro propagation by taking the nodal segments is yet be reported. A report on its cultivation and improvement to the conventional approach in crop improvement programmes is to utilize emerging bio-technologies, such as somatic hybridization or recombinant deoxyribonucleic acid (DNA) technology. However, application of either technique is dependent on the availability of a regenerative or organogenic cell culture procedure (Grey, 1992) . The present study describes the formulation of suitable media for shooting, rooting and hardening of the plant in order to achieve quality transplants without the addition of growth adjuvant like coconut milk and adenine sulphate that can minimise the experimental cost and will help in the preservation of the in vitro raised plants for their rich therapeutic values.
MATERIALS AND METHODS

Plant material and surface sterilization
The nodal explants were collected from about 2 years old healthy plants of P. zeylanica maintained at Botanical garden of Post Graduate Department of Botany, Utkal University, Bhubaneswar, Odisha, India, for the purpose of micropropagation young shoots were harvested during the month of January to March. The nodal explants were washed thoroughly under running tap water for 30 min, followed by immersing in a 5% (v/v) solution of detergent (Labolene, Qualigens, India) for 20 min and were subsequently agitated in 0.1% Bavistin (fungicide by BASF India Limited) for 15 min followed by rinsing with distilled water to remove the traces of Bavistin. After washing, the explants were taken to the laminar air flow chamber where the explants were sterilised in 0.1% (w/v) mercuric chloride (HgCl2) solution for another 2 min followed by rinse with sterile double distilled water and the step was repeated for three times. Afterwards, the surface-decontaminated explants were implanted in MS (Murashige and Skoog, 1962 ) medium containing conical flasks.
Culture media and conditions
MS medium was used as the basal medium for shoot and root proliferation. The medium was supplemented with 3% (w/v) sucrose and gelled with 0.8% (w/v) agar Bacteriological Grade (Himedia, Mumbai, India). The pH of the medium was adjusted to 5.8 before being autoclaved at 121°C for 15 min. All the cultures were maintained at 24±2°C under 16 h photoperiod with a photosynthetic photon flux density (PPFD) of 50 µmol m -2 s -1 provided by cool white fluorescent lamps of (2 × 40 W, Phillips, India) with 60 to 65% relative humidity. The cultures were subcultured twice, at fortnightly intervals, by transferring to fresh medium.
Shoot proliferation and rooting
The induction of shoot development from the nodal bud explants was attempted with various concentrations and combinations of auxins and cytokinin such as IAA, IBA and BAP with a concentration not exceeding 2.5 mg/l. MS medium devoid of growth regulator served as control. For root induction, the in vitro developed shoots from the original nodal segments were implanted in MS medium supplemented with triple auxins combinations of NAA, IAA and IBA. The culture flasks were maintained under the same conditions as described earlier.
Hardening
The rooted shoots ware removed from the culture medium and the roots were washed thoroughly in sterile distilled water to remove the media. The plantlets were transferred to thermocoal pots (5 cm diameter) containing autoclaved mixture of soil, sand and vermi compost (1:1:1). The pots were kept in the culture room for 2 weeks with a supplementation of liquid MS (without agar) media for the survival of the small plants. The plants are subsequently transferred to the green house and kept for another 4 weeks before transferring to the garden soil under normal condition.
Statistical analysis
All the experiments were conducted with a minimum of 10 replicate per treatment and repeated three times. The data was analysed statistically and the significance of differences among means was carried out using Duncan's multiple range test (DMRT) at P = 0.05. The results are expressed as the mean ± SEM of three experiments.
RESULTS AND DISCUSSION
Initially higher level of contamination (5 to 60%) was observed in the cultures, which must have probably arisen from the explants since they were collected from the natural condition from the garden. Nevertheless, treatment of the nodal segments with Bavistin remarkably reduces the contamination level to less than 10%. Shoot initiation was tried with different combination of auxins and cytokinin as presented in Table 1 . Each nodal segment implanted was differentiated in to a single shoot and all the nodal explants responded with bud breaks within a period of 1 week ( Figure 1A ) when tested with the combination of auxins and cytokinin. The best result was obtain when BAP (2.0 mg/L) was added to the medium along with IAA (1.5 mg/L) and IBA (1.0 mg/L) enhances the shoot production, differentiation and multiplication, wherein shoots appeared within 12 to 15 days of inoculation. Maximum number of shoots 19.56±0.04 per explants and the corresponding percentage of shoot length of 4.98±0.87 cm ( Figure 1B) . The increase in shoot number may be due to the suppression of apical dominance during subculture that induced basal dormant maristematic cells to form new shoots (Shukla et al., 2008) . Further, it was observed that shoot bud proliferation was suppressed a little bit when the aforementioned combination was applied with a higher concentration. A reduction in the number of shoots higher than the optimal level was earlier reported in other medicinal plants including Capsicum annum L. (Ahmad et al., 2006) . Higher concentration of cytokinin elicited inhibitory effects on shoot elongation was also earlier reported by Pattnaik et al. (1996) . Regenerated leafy shoots derived from the nodal segments are introduced to triple auxins combinations for rooting. In general, IBA is documented for its in vitro rooting promotion attributes. Previous investigators have also obtained comparable results with IBA in various micropropagation experiments (Quraishi et al., 1996; Sudha and Seeni, 1996) , but based on the earlier reports on P. zeylanica (Rout et al., 1999a) , rooting was tried with only auxins. MS medium containing (2.0 mg/L) NAA, IAA and IBA (1.5 mg/L) proved to be the most effective for rooting of micro shoots (Figure 1c) than that of any other concentration (Table 2) . Medium containing the aforementioned concentration showed the highest percentage of (18.54±0.09) mean number of roots per shoots and the mean root length was found to be 7.63±0.83 ( Figure 1D and E) within 4 weeks of the inoculation. However, it is observed that increasing the concentration of NAA than 2.0 mg/L had a negative impact as it affect growth of roots. Similar result was earlier observed by Rout et al. (1999b) . Root proliferation was profuse and rapid along with further shoot elongation. Plantlets with 8 to 10 leaves and well developed roots were successfully transferred to the thermocole pot containing sterile soil, sand and vermi compost in the ratio of 1:1:1 (Figure 2A and B) . Hardened and finally planted at the garden soil. MS media can be used as the best media for regeneration of P. zeylanica as this was the only media used by all other workers on this plant species.
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In a recent research study, adenine sulphate with IBA was reported to be the most responsive combination in terms of shoot initiation, which however produced only one shoot per nodal segment (Selvakumar et al., 2001) . Growth adjuvant like coconut milk and adenine sulphate were been used for better shoot elongation by Chaplot et al. (2006) and Selvakumar et al. (2001) but without the addition of these two adjuvant shooting can be achieved by following this protocol. Efficient rooting of micropropagated shoots and their field establishment are the critical stages for growing plants using tissue culture technology. In the present study, root induction was achieved in the presence of auxins only such as basal medium containing IAA, IBA in combination with NAA gave the best result. Similar results were reported by Shrivastava and Manerjee (2008) in Jatropha curcas. The same process was also followed in the case of P. zeylanica by Saxena et al. (2000) . The explants were finally transferred to the natural condition ( Figure 2C ) and (100%) survived, and an improvement of over 96% survival rate was observed by Chaplot et al. (2006) . The present investigation also confirmed the role of auxins on the in vitro rooting of P. zeylanica.
Conclusion
The high survival rate in the present study indicates
